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PROBLEM TO BE SOLVED: To drop the cooling loss and drop 
the internal EGR gas amount for use as the thermal energy 
necessary for compression self-ignition combustion. 
SOLUTION: The internal EGR gas remaining in a combustion 
chamber 4 due to minus overlapping of a suction 6 and an 
exhaust valve 8 is distributed in the central part of the 
chamber 4 by a swirling stream of fresh air, and around it, the 
fresh air is distributed and stratified, which allows the internal 
EGR gas to remain at a high temperature, and thereby the 
amount of internal EGR gas necessary for compression self- 
ignition combustion can be reduced to result is heightening of 
the thermal efficiency, and it is possible to reduce the cooling 
loss while the fresh air layer distributed in the peripheral zone 
of the combustion chamber 4 serves as a heat shutoff layer. 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While having the inhalation-of-air system which can generate a swirl style in a combustion 
chamber, and the fuel injection valve which injects a direct fuel to a combustion chamber in the 
compressed selfHgnition type gasoline internal combustion engine which you carry out [ internal 
combustion engine ] selfHgnition of the gaseous mixture of a combustion chamber according to a 
compression operation of a piston, and makes it burn An exhaust air line is equipped [ the closed stage 
(EVC) of an exhaust air bulb ] with as controllable to the valve timing of minus overlap which becomes 
the middle a valve gear as an inhalation-of-air line by the open stage (IVO) of an intake valve on the 
way. While setting the valve timing of and an exhaust air bulb as said minus overlap by the 
compressed self-ignition operating range and making a part of exhaust air remain as internal EGR gas, 
new mind is introduced as a swirl style to a combustion chamber. While distributing said internal EGR 
gas layer in the center of a combustion chamber, distribute new mind over the perimeter and internal 
EGR gas and new mind are made to laminate. The compressed self-ignition type gasoline internal 
combustion engine characterized by mainly injecting and distributing a fuel over said internal EGR gas 
layer which laminated by said fuel injection valve, and making it make selfHgnition combustion perform 
by the compression stroke. 

[Claim 2] The compressed selfHgnition type gasoline internal combustion engine according to claim 1 
characterized by an inhalation-of-air line setting up the fuel injection timing of the fuel injection valve 
in a compressed selfHgnition operating range during the period of a compression stroke from the 
second half. 

[Claim 3] The compressed self-ignition type gasoline internal combustion engine according to claim 1 
characterized by an inhalation-of-air line setting up the fuel injection timing of the fuel injection valve 
in a compressed self-ignition operating range twice during the period of a compression stroke from the 
second half during the minus overlap period of ** and an exhaust air bulb. 

[Claim 4] While an inhalation-of-air line sets up the fuel injection timing of the fuel injection valve in a 
compressed self-ignition operating range twice during the period of the second half to a compression 
stroke during the minus overlap period of and an exhaust air bulb from low loading in an inside load 
region The compressed selfHgnition type gasoline internal combustion engine according to claim 1 
characterized by having brought the 2nd fuel injection timing forward with the rise of a load in the 
inside load region, and an inhalation-of-air line setting fuel injection timing as 1 time in the period of a 
compression stroke from the second half in a heavy load region. 

[Claim 5] a compressed self-ignition type gasoline internal combustion engine given in any of claims 1 — 

4 characterize by mix external EGR gas in new mind , and make it make it flow into a combustion 
chamber when it control and become more than a predetermined load so that it may become short with 
a rise of a load about the minus overlap period of in a compressed self-ignition operating range , and 
an exhaust air bulb they be . 

[Claim 6] A compressed selfHgnition type gasoline internal combustion engine given in any of claims 1- 

5 characterized by establishing a squish generating means to reach an intake valve arrangement side or 
to generate a squish style towards the center of cylinder head abbreviation from an exhaust air bulb 
arrangement side while establishing the crevice in the abbreviation center section of the piston crestal 
plane they are. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a compressed self-ignition type gasoline internal 

combustion engine. 

[0002] 

[Description of the Prior Art] Compressed self-ignition combustion is NOx in exhaust gas since 
combustion is started by the multipoint of a combustion chamber, and the combustion by which whose 
rate of combustion was quick and the air-fuel ratio was stabilized also in the Lean condition compared 
with the usual jump-spark-ignition combustion is realizable, and and combustion temperature falls 
possible [ improvement in specific fuel consumption ]. It can also decrease sharply. [ an airHiiel ratio ] 
[0003] Moreover, they are the high power reservation at the time of high rotation and a heavy load, the 
improvement in specific fuel consumption at the time of low rotation and the load in low, and NOx by 
making the usual jump-spark-ignition combustion perform in high rotation and a heavy load field, and 
changing a combustion gestalt from said jump-spark-ignition combustion to compressed self-ignition 
combustion in low rotation and the load field in low. Coexistence of reduction-izing can be aimed at. 
[0004] when making compressed self-ignition combustion perform using the low fuel of self-ignition 
nature like a gasoline, it is effective to use the heat energy which residual gas has, and this is shown in 
JP,10-266878,A — as — like an exhaust air line — from — in case it shifts like an inhalation-of-air 
line, it realizes by establishing the sealing period when both an exhaust air bulb and an intake valve 
serve as close, and making the so-called internal EGR which produces residual gas positively perform. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in order to make still more effective 
improvement in the specific fuel consumption by compressed self-ignition combustion, it becomes 
important to reduce the cooling loss from the combustion gas under combustion to a combustion 
chamber wall surface. 

[0006] Also although the heat transfer rate from combustion gas to a combustion chamber wall surface 
becomes high in compressed self-ignition combustion since the gas consistency in a cylinder is high, 
and this calls it low-temperature combustion, the ratio of the energy lost as a cooling loss is for 
seldom falling. 

[0007] However, if it is in said conventional configuration, in order to mix to the internal EGR gas and 
the homogeneity which were introduced into the combustion chamber where the fuel was injected by 
the suction port and mixed with new mind, and remained to the combustion chamber, To the top where 
the gas temperature in the combustion initiation time by internal EGR gas is high, generation of heat is 
performed also near the combustion chamber wall surface, reduction of the cooling loss to a 
combustion chamber wall surface cannot be aimed at, but the improvement effectiveness of the 
specific fuel consumption by compressed self-ignition combustion is no longer acquired fully. 
[0008] Moreover, although internal EGR gas becomes the factor which conversion to the pressure of 
the generated heat energy is barred, and reduces an engine's thermal efficiency in order to reduce the 
ratio of specific beat of working medium Since homogeneity is made to mix gaseous mixture and 
internal EGR gas, for compressed self-ignition combustion generating, the amount of internal EGR gas 
will be needed for a large quantity, therefore it will become impossible to fully achieve the improvement 
effectiveness of the specific fuel consumption by compressed self-ignition combustion also by this 
with said conventional configuration. 

[0009] Then, this invention reduces a cooling loss and offers the compressed self-ignition type gasoline 
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internal combustion engine which can heighten the improvement effectiveness of the specific fuel 
consumption by compressed self-ignition combustion while it can reduce the amount of internal EGR 
gas required for compressed self-ignition combustion. 
[0010] 

[Means for Solving the Problem] If it is in invention of claim 1 t while having the fuel injection valve 
which injects a direct fuel to a combustion chamber in the compressed self-ignition type gasoline 
internal combustion engine which you carry out [ internal combustion engine ] self-ignition of the 
gaseous mixture of a combustion chamber according to a compression operation of a piston, and 
makes it burn An exhaust air line is equipped [ the closed stage (EVC) of an exhaust air bulb ] with as 
controllable to the valve timing of minus overlap which becomes the middle a valve gear as an 
inhalation-of-air line by the open stage (IVO) of an intake valve on the way. While setting the valve 
timing of and an exhaust air bulb as said minus overlap by the compressed self-ignition operating 
range and making a part of exhaust air remain as internal EGR gas, new mind is introduced as a swirl 
style to a combustion chamber. While distributing said internal EGR gas layer in the center of a 
combustion chamber, distribute new mind over the perimeter and internal EGR gas and new mind are 
made to laminate. A fuel is mainly injected and distributed over said internal EGR gas layer which 
laminated by said fuel injection valve, and it is characterized by making it make self-ignition combustion 
perform by the compression stroke. 

[001 1] If it is in invention of claim 2, it is characterized by an inhalation-of-air line setting up the fuel 
injection timing of the fuel injection valve in a compressed self-ignition operating range according to 
claim 1 during the period of a compression stroke from the second half. 

[0012] If it is in invention of claim 3, it is characterized by an inhalation-of-air line setting up the fuel 
injection timing of the fuel injection valve in a compressed self-ignition operating range according to 
claim 1 twice during the period of a compression stroke from the second half during the minus overlap 
period of and an exhaust air bulb. 

[0013] If it is in invention of claim 4, the fuel injection timing of the fuel injection valve in a compressed 
self-ignition operating range according to claim 1 from low loading in an inside load region During the 
minus overlap period of and an exhaust air bulb, While setting up an inhalation-of-air line twice 
during the period of a compression stroke from the second half, in the inside load region, it is 
characterized by having brought the 2nd fuel injection timing forward with the rise of a load, and an 
inhalation-of-air line setting fuel injection timing as 1 time in the period of a compression stroke from 
the second half in a heavy load region. 

[0014] If it is in invention of claim 5, when it controls and becomes more than a predetermined load so 
that it may become short with a rise of a load about the minus overlap period of in a compressed 
self-ignition operating range according to claim 1 to 4, and an exhaust air bulb, it is characterized by 
mixing external EGR gas in new mind, and making it make it flow into a combustion chamber. 
[0015] If it is in invention of claim 6, while establishing a crevice in the abbreviation center section of 
the piston crestal plane in a compressed self-ignition type gasoline engine according to claim 1 to 5, it 
is characterized by establishing a squish generating means to reach an intake valve arrangement side 
or to generate a squish style towards the center of cylinder head abbreviation from an exhaust air bulb 
arrangement side. 
[0016] 

[Effect of the Invention] According to invention according to claim 1, carry out an internal EGR gas 
layer in the center by the combustion chamber, distribute new mind over the perimeter, and these 
interior EGR gas layer and new mind are made to laminate. Reduction of a cooling loss can be aimed at 
because the new gaseous layer with low temperature which generates combustion in a part with much 
internal EGR gas of the center of a combustion chamber in order to inject a fuel mainly in this internal 
EGR gas layer, and is distributed near the cylinder head forms a thermal insulation layer between 
combustion gas and a combustion chamber wall surface. 

[0017] Moreover, in this way, an elevated temperature is maintained without being mixed with new mind 
and homogeneity, internal EGR gas can raise a fuel to the temperature in which self-ignition is possible, 
since the amount of internal EGR gas required for compressed self-ignition combustion can be 
lessened, thermal efficiency can be improved, and specific fuel consumption can be conjointly improved 
much more with the ability of said cooling loss to be reduced. 

[0018] Since the inhalation-of-air line by which lamination with an internal EGR gas layer and a new 
gaseous layer is stabilized injects and distributes [ according to invention according to claim 2 ] a fuel 
over this internal EGR gas layer from the second half during the period of a compression stroke in 
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addition to the effect of the invention of claim 1, combustion generating in a combustion chamber 
central part can be made to ensure. 

[0019] According to invention according to claim 3, to the effect of the invention of claim 1 In addition, 
during the minus overlap period of and an exhaust air bulb, Namely, a radical can be generated and 
proliferated by making the 1st fuel injection perform immediately after confining hot internal EGR gas in 
a combustion chamber. In order to carry out the internal EGR gas layer which generated this radical 
and was proliferated according to swirl generating like an inhalation-of-air line in the center, to 
distribute a new gaseous layer over that perimeter and to laminate, a radical is held good. In order for 
the inhalation-of-air line by which lamination with this internal EGR gas layer and a new gaseous layer 
is stabilized to make the 2nd fuel injection perform in the internal EGR gas layer in which this radical 
was held during the period of a compression stroke from the second half, While being able to make 
combustion generating in a combustion chamber central part able to ensure and being able to stabilize 
compressed self-ignition combustion, the amount of internal EGR gas required for compressed self- 
ignition combustion can be lessened further. 

[0020] According to invention according to claim 4, it adds to the effect of the invention of claim 1. A 
compressed self-ignition operating range from low loading in an inside load region During the minus 
overlap period of and an exhaust air bulb, Namely, by making the 1st fuel injection perform 
immediately after confining hot internal EGR gas in a combustion chamber, partial oxidation of a fuel 
can be urged and a fuel can be reformed. In order to distribute a new gaseous layer over that perimeter 
and to laminate, where it carried out the internal EGR gas layer which contains this reforming fuel 
according to swirl generating like an inhalation-of-air line in the center, and reforming of the fuel is 
carried out, it is held good. In order for the inhalation-of-air line by which lamination with this internal 
EGR gas layer and a new gaseous layer is stabilized to make the 2nd fuel injection perform in the 
internal EGR gas layer in which this reforming fuel was held during the period of a compression stroke 
from the second half, Even if it is a little fuel, while being able to make combustion generating in a 
combustion chamber central part able to ensure and being able to stabilize compressed self-ignition 
combustion, the amount of internal EGR gas required for compressed self-ignition combustion can be 
lessened further. 

[0021] And in order to bring the 2nd fuel injection timing forward with a rise of a load in an inside load 
region, the rise of the combustion temperature by concentration of too much fuel of a combustion 
chamber is controlled, and it is NOx. The increment in an yield is avoidable. 

[0022] Furthermore, since said inhalation-of-air line sets fuel injection timing as 1 time in the period of 
a compression stroke from the second half, it is avoidable that the generating stage of self-ignition 
combustion serves as #### in a heavy load region. 

[0023] Consequently, the compressed self-ignition combustion stabilized more in the large load range 
ranging from the low loading region to a heavy load region can be made to perform. 
[0024] According to invention according to claim 5, it adds to the effect of the invention of claims 1-4. 
In order to shorten the minus overlap period of in a compressed self-ignition operating range, and 
an exhaust air bulb with a rise of a load, to mix external EGR gas in new mind above a predetermined 
load and to make it flow into a combustion chamber, For example, the optimal amount of internal EGR 
gas required to produce self-ignition from low loading in an inside load region according to a load is 
securable. And since the external EGR gas which got cold while producing self-ignition certainly in the 
combustion chamber central part is distributed over the periphery section of a combustion chamber 
and rapid combustion can be controlled, the compressed self-ignition combustion stabilized in the still 
larger load range can be made to perform in a heavy load region. 

[0025] According to invention according to claim 6, since the crevice is established in the abbreviation 

center section of the piston crestal plane in addition to the effect of the invention of claims 1-5, while 

the shelf life of a swirl style is raised, required volume of combustion chamber is securable. 

[0026] Moreover, according to generating of the squish style by the squish generating means, since a 

cold new mind of having been distributed over the periphery section of a combustion chamber 

advances between a cylinder head wall surface and a central internal EGR gas layer, the thermal 

insulation field of combustion gas can spread and the reduction effectiveness of a cooling loss can be 

increased. 

[0027] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained in full 
detail with a drawing. 

[0028] In drawing 1 and 2, as for a cylinder block and 2, 1 shows the combustion chamber in which a 
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piston and 3 were formed in of the cylinder head, and 4 was formed of these cylinder blocks 1, a piston 
2, and the cylinder head 3. 

[0029] The cylinder head 3 is equipped with the exhaust air bulb 8 which opens and closes the intake 
valve 6 which opens and closes two suction ports 5 and these suction ports 5 and these suction ports 
5, an intake valve 6 and two exhaust air ports 7 arranged in opposite, and these exhaust air port 7, and 
has made it the cross-flow port structure which carries out inhalation of air from the suction port 5 by 
the side of one and which is exhausted from the exhaust air port 7 of the side else. 
[0030] An intake valve 6 and the exhaust air bulb 8 are opened and closed through an air inlet cam 9 
and an exhaust cam 10 by the bulb drive system outside drawing, respectively. 

[0031] This bulb drive system has considered the closing motion stage of and the exhaust air bulbs 
6 and 8 as the controllable configuration through the closing motion stage adjustable means 11 and 12 
by the engine control unit 23, controls modification of a substantial compression ratio, the amount of 
internal EGR gas, etc. by an engine's low Naka load region, and is taken as the configuration which can 
realize the elevated temperature in which compressed self-ignition operation is possible, and a high- 
pressure condition in it. 

[0032] The inlet pipe 13 is connected to the upstream of a suction port 5, the swirl control bulb 14 is 
attached to this inlet pipe 13 in the location corresponding to one suction port 5, and in case new mind 
is introduced to a combustion chamber 4, control of a swirl style is enabled. 

[0033] The throttle valve 15 for air content adjustment, the air flow meter for inspired-air-volume 
measurement outside drawing, the air cleaner, etc. are formed in the upstream rather than the swirl 
control bulb 14 of an inlet pipe 13. 

[0034] The swirl control bulb 14 and the throttle valve 15 have made bulb opening controllable through 
the opening adjustable means 16 and 17 by the engine control unit 23, respectively. 
[0035] While the exhaust manifold 1 8 is connected to the lower stream of a river of the exhaust air 
port 7 and opening this exhaust manifold 18 and said inlet pipe 13 for free passage by the EGR path 19, 
the EGR control bulb 20 in which opening control is carried out by the engine control unit 23 in the 
middle of this EGR path 19 is formed, and the amount of external EGR gas introduced into an inlet pipe 
13 is made controllable. 

[0036] On the other hand, the abbreviation center position in a combustion chamber 4 is attended at 
the cylinder head 3, and the fuel injection valve 21 which injects the gasoline fuel supplied from a fuel 
pump 22 in the direct combustion chamber 4 is formed. 

[0037] Moreover, near this fuel injection valve 21, he forms an ignition plug 23, and is trying to make 
this ignition plug 23 perform jump-spark-ignition combustion at the time of incompressible self-ignition 
operating range other than a compressed self-ignition operating range, for example, high rotation and 
heavy load operation. 

[0038] In the engine control unit 24, as a signal which shows an engine service condition A signal, a 
load signal, an air content signal, an intake-air-temperature signal, an exhaust-gas-temperature signal, 
a fuel-pressure signal, an oil water temperature signal, etc. are inputted whenever [ rotational 
frequency signal / of an engine / and crank angle ]. Data processing is performed based on the input 
signal of these various kinds. Said **, the valve timing of the exhaust air bulbs 6 and 8, It is made to 
have controlled appropriately to mention each bulb opening of the swirl control bulb 14, a throttle valve 
15, and the EGR control bulb 20, the fuel oil consumption of a fuel injection valve 21 and fuel injection 
timing, and the ignition timing of an ignition plug 23 later, respectively. 

[0039] Drawing 3 and 4 show the structure of the crestal plane of a piston 2, have established the 
abbreviation spherical-surface-like crevice 25 in the abbreviation center section of the crestal plane of 
this piston 2, and they enable it to have secured required volume of combustion chamber by this 
crevice 26 while they have been strong till the anaphase of a compression stroke and they can save 
the flow influence formed in the combustion chamber 4 like the inhalation-of-air line by this crevice 25. 

[0040] Moreover, the piston crestal plane around said crevice 25 carries out inclination shaping 
according to the inclined plane in abbreviation Yamagata of the cylinder head 3 which forms the 
PENTO roof type combustion chamber 4, and forms the squish area 26 which generates a squish style 
towards the center of abbreviation of this cylinder head 3 from the arrangement [ of an intake valve 
6 ], and arrangement side of the exhaust air bulb 8. 

[0041] (**) of drawing 9 and show an example of adjustable control of the valve timing of said 
and the exhaust air bulbs 6 and 8, and at the time of jump-spark-ignition operation, the clausilium 
stage (EVC) of the exhaust air bulb 8 (EXH) and the valve-opening stage (IVO) of an intake valve 6 
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(INT) serve as near a piston top dead center (TDC) like the usual four-cycle gasoline engine, and it is 
set as a necessary valve overlap (O/L). 

[0042] While the clausilium stage (EVC) of the exhaust air bulb 8 carries out a tooth lead angle and 
closes an exhaust air line to halfway to the time of jump-spark-ignition operation at the time of 
compressed self-ignition operation, the valve-opening stage (IVO) of an intake valve 6 does not exist 
at all by being controlled by the inhalation-of-air line to carry out a lag and to open to halfway, but the 
valve overlap in near a piston top dead center is set as a minus overlap condition. 
[0043] Thus, by considering as the valve timing which accomplishes minus overlap at the time of 
compressed self-ignition operation The exhaust air bulb 8 makes the hot existing heat gas by which 
clausilium of the exhaust air line is halfway carried out and it is equivalent to the volume of 
combustion chamber in the time pile up in a combustion chamber 4, and makes it the internal EGR gas 
to degree cycle. In degree cycle, an intake valve 6 opens an inhalation-of-air line on the way, new mind 
is inhaled, and compressed self-ignition combustion with the Lean air-fuel ratio is realized near a 
piston top dead center so that it may mention later by deployment of the heat energy of this internal 
EGR gas. 

[0044] On the other hand, it is returned to the valve timing same as mentioned above as the usual 
four-cycle gasoline engine, and the inhalation of air and compression of new mind are done at the time 
of jump-spark-ignition operation, it carries out jump spark ignition with an ignition plug 23, and it is 
burned by flame propagation. 

[0045] Next, the actuation in this operation gestalt is explained in full detail. 

[0046] Drawing 2 shows the condition of the stratification-ized process of the new mind and internal 
EGR gas at the time of compressed self-ignition operation. 

[0047] At the time of compressed self-ignition operation, the valve timing of *# and the exhaust air 
bulbs 6 and 8 is set as minus overlap as mentioned above, and, thereby, a hot burnt gas is shut up as 
internal EGR gasG in a combustion chamber 4. 

[0048] Moreover, while a throttle valve 1 5 is opened fully, the close by-pass bulb completely of the 
swirl control bulb 14 is carried out, one side is closed between two suction ports 5 and 5, and as an 
arrow head A shows from the suction port 5 of another side like an inhalation-of-air line, new mind 
flows as a swirl style S in a combustion chamber 4. 

[0049] The suction port 5 of this another side is constituted as a helical port, and swirl strength may 
be made to increase by the case. 

[0050] The new mind which flowed in the combustion chamber 4 flows along with a cylinder wall, and 
produces a revolution style in a combustion chamber 4. 

[0051] To internal EGR gas G being gas of an elevated-temperature low consistency, since the new 
mind A is gas of low-temperature high density, the centrifugal force produced by said revolution style 
becomes larger than internal EGR gas G. 

[0052] Consequently, as shown in (b) of drawing 5 , the new mind A is distributed over the periphery in 
a combustion chamber 4, and internal EGR gas G is distributed over a part for a combustion chamber 
core, and it laminates these new mind A and internal EGR gas G. 

[0053] And by injecting Fuel F from the fuel injection valve 21 arranged from the second half like an 
inhalation-of-air line in the first half of a compression stroke centering on a combustion chamber, 
inevitably, this fuel F is distributed over G layers of said hot internal EGR gas of a combustion chamber 
central part, and compressed self-ignition combustion is performed near a piston top dead center. 
[0054] Thus, by carrying out G layers of internal EGR gas in the center in a combustion chamber 4, 
distributing the new mind A over that perimeter, laminating, injecting and distributing Fuel F over G 
layers of this internal EGR gas, and making compressed self-ignition combustion perform Internal EGR 
gas G of the center of a combustion chamber can occur in many parts, the new mind A that 
temperature is low can form a thermal insulation layer between combustion gas and a combustion 
chamber wall surface near the cylinder head 3, and combustion can reduce a cooling loss. 
[0055] Moreover, an elevated temperature is maintained without being mixed with the new mind A and 
homogeneity, and internal EGR gas G raises a fuel to the temperature in which self-ignition is possible, 
and can lessen the amount of internal EGR gas required for compressed self-ignition combustion. 
[0056] Consequently, as shown in drawing 7 , to the case (b line) where compressed self-ignition 
combustion is made to perform by conventional internal EGR gas, new mind, and gaseous mixture with 
an almost uniform fuel, with this operation gestalt, thermal efficiency has thermal efficiency raised by 
the expansion width of face alpha which is equivalent to a part for cooling loss reduction, and ratio of 
specific beat increment as a line shows, and can realize an improvement of specific fuel consumption. 
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[0057] Moreover, since the inhalation-of-air line which lamination with G layers of internal EGR gas and 
a new mind A horizon stabilizes injects and distributes Fuel F over G layers of this internal EGR gas 
from the second half during the period of a compression stroke with this operation gestalt, combustion 
generating in a combustion chamber central part can be made to be able to ensure, and compressed 
self-ignition combustion can be stabilized with it 

[0058] Furthermore, as shown in (b) of drawing 5 in the second half of a compression stroke, the new 
mind A extruded by the squish area 26 flows as squish style S-A toward the core of a combustion 
chamber 4 along with the 3rd page of the cylinder head, since a cold new mind of having been 
distributed over the periphery section in a combustion chamber 4 advances between the wall surface 
of the cylinder head 3, and G layers of central internal EGR gas, the thermal insulation field of 
combustion gas spreads and the reduction effectiveness of a cooling loss can be heightened. 
[0059] The fuel injection by said fuel injection valve 21 performs 1st injection during the minus overlap 
period of and the exhaust air bulbs 6 and 8, as shown in drawing 6, and you may make it an 
inhalation-of-air line make the 2nd injection perform from the second half in the first half of a 
compression stroke, as shown in said drawing 5 . 

[0060] Thus, by making the 1st fuel injection perform immediately after shutting up hot internal EGR 
gas G during the minus overlap period of and the exhaust air bulbs 6 and 8 (i.e., the inside of a 
combustion chamber 4), partial oxidation of a fuel can be urged to the condition of being easy to 
generate self-ignition, and a fuel can be reformed. 

[0061] And the fuel by which carried out the internal EGR gas layer which contains this reforming fuel 
according to swirl generating like an inhalation-of-air line in the center, and reforming was carried out 
in order to distribute a new gaseous layer over that perimeter and to laminate is held good. In order for 
the inhalation-of-air line by which lamination with this internal EGR gas layer and a new gaseous layer 
is stabilized to make the 2nd fuel injection perform in the internal EGR gas layer in which this reforming 
fuel was held during the period of a compression stroke from the second half, Even if it is a little fuel, 
while being able to make combustion generating in a combustion chamber central part able to ensure 
and being able to stabilize compressed self-ignition combustion, the amount of internal EGR gas 
required for compressed self-ignition combustion can be lessened further. 

[0062] A setup of the fuel injection timing covering 2 times in said compressed self-ignition operating 
range is performed from an engine's low loading in an inside load region, as shown in drawing 8 , in an 
inside load region, the 2nd fuel injection timing is brought forward with a rise of a load here, and an 
inhalation-of-air line is set as 1 time in the period of a compression stroke from the second half in fuel 
injection timing in a heavy load region. 

[0063] Moreover, with control of this fuel injection timing, the minus overlap period (sealing period) of 
and the exhaust air bulbs 6 and 8 is controlled to become short with a rise of a load, and it opens 
the EGR control bulb 20, increases the amount of external EGR gas with a rise of a load, and controls 
it by the heavy load region to mix external EGR gas in new mind, and to supply in a combustion 
chamber 4. 

[0064] Thus, while being able to stabilize compressed self-ignition combustion by said two fuel- 
injection-timing setup in an engine's low and inside load region, in order to be able to lessen the 
amount of internal EGR gas required for compressed self-ignition combustion and to bring the 2nd fuel 
injection timing forward with a rise of a load in an inside load region, the rise of the combustion 
temperature by concentration of too much fuel in a combustion chamber 4 is controlled, and it is NOx. 
The increment in an yield is avoidable. 

[0065] Furthermore, when said inhalation-of-air line sets fuel injection timing as 1 time in the period of 
a compression stroke from the second half, it is avoidable that the generating stage of self-ignition 
combustion serves as in a heavy load region. 

[0066] Moreover, in order to shorten the minus overlap period of said and the exhaust air bulbs 6 
and 8 with a rise of a load, to mix external EGR gas in new mind in a heavy load region and to make it 
flow in a combustion chamber 4, The optimal amount of internal EGR gas required to produce self- 
ignition from low loading in an inside load region according to a load is securable. And in a heavy load 
region, the external EGR gas which got cold while producing self-ignition certainly in the combustion 
chamber central part can be distributed over the periphery section in a combustion chamber 4, and 
rapid combustion can be controlled. 

[0067] Consequently, since the compressed self-ignition combustion stabilized more in the large load 
range ranging from the low loading region to a heavy load region can be made to perform, combustion 
especially rapid in a heavy load region is controlled and slow compressed self-ignition combustion is 
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made to perform, the heavy load limitation of compressed self-ignition combustion is expandable. 

[Translation done.] 
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